E-cadherin (CDH1) is a cell adhesion molecule that mediates cell-cell adhesion and thus can modulate tumor invasiveness \[[@CIT0001]--[@CIT0004]\]. The E-cadherin gene is located on chromosome 16q22.1 \[[@CIT0005]\]. Mutations and promoter methylation at this site lead to loss of function of this tumor suppressor gene \[[@CIT0001], [@CIT0005]\]. Many studies indicate that CDH1 inactivation correlates with decreased disease-free survival, poor prognosis, and metastasis in various malignancies including breast, thyroid, pancreatic and colorectal cancers \[[@CIT0001]--[@CIT0006]\]. E-cadherin is a component of the β-catenin/cadherin complex, which controls cell-cell adhesion and influences cell migration and in this way acts as an invasion suppressor \[[@CIT0007]--[@CIT0009]\]. CDH1 is involved in various cancer pathogenesis, but its role is not clearly defined \[[@CIT0002]\]. In numerous studies the loss of intercellular adhesion by E-cadherin is a fundamental change that occurs during the tumorigenesis and progression of many neoplasms \[[@CIT0010]--[@CIT0014]\]. Indeed, the loss of E-cadherin-mediated adhesion is shown to play an important role in the epithelial to mesenchymal transition (EMT) and induction of an invasive phenotype, motility as well as regional and distant metastases \[[@CIT0003], [@CIT0004], [@CIT0015], [@CIT0016]\].

In the literature different mechanisms are discussed as involved in the repression of E-cadherin expression. Researchers suggest that knockdown of Rb gene and NF-κB protein activity resulted in reduced CDH1 expression \[[@CIT0017], [@CIT0018]\]. Tumor invasion and metastasis are also regulated by the transcription family molecules, consisting of SNAIL and SLUG as well as ErbB-1/2 and ERK pathway members that suppress E-cadherin expression, leading to EMT \[[@CIT0015], [@CIT0019]\]. Moreover, MAPK activation and Akt-induced EMT mediated through the activation of phosphatidylinositol 3 kinase (PIK3) are connected with downregulation of E-cadherin in many cancers \[[@CIT0020], [@CIT0021]\]. In CDH1 activity there can also be implicated tyrosine kinase-receptors such as Met, the hepatocyte growth factor (HGF) receptor \[[@CIT0022]\]. The altered cell aggregation and increased motility in different cancers may be due to protein kinase D1 (PKD1) and E-cadherin interaction \[[@CIT0023]\]. Expression of the CDH1 gene is also associated with up-regulation of MMP-9 as well as ZEB-1 and p63 protein expression \[[@CIT0018], [@CIT0024]\].

Methylation of CpG sites at the promoter region of the E-cadherin gene played a key role in the inhibition of CDH1 expression and led to loss of tissue integrity and tumor progression \[[@CIT0005], [@CIT0025]\]. CpG island methylation in the promoter region of the CDH1 gene and consistent depression of the E-cadherin level contributes to the phenotypic heterogeneity and it is observed in primary tumors with different origin and correlates with tumor recurrences, nodal metastases and poor prognosis \[[@CIT0026], [@CIT0027]\]. What is of interest, reactive oxygen species (ROS) can also promote methylation of the promoter region of E-cadherin \[[@CIT0028]\].

The purpose of this study was to elucidate E-cadherin gene expression at mRNA and protein levels as well as gene promoter DNA methylation status in cancer tissue to describe the correlations with clinicomorphological parameters in squamous cell laryngeal carcinoma.

Material and methods {#S0001}
====================

Tissue samples, histological classification and morphological features {#S20002}
----------------------------------------------------------------------

For this study 86 cases (84 men, 2 women; age 45--79 years; mean age 61.9 ±8 years) of fresh tissue samples of surgically resected specimens from patients treated for squamous cell laryngeal carcinoma were utilized. The criteria for patient participation in this study were as follows:histologically confirmed diagnosis of carcinoma planoepitheliale,primary surgical resection of the larynx without receiving prior immuno-, radio- or chemotherapy,absence of distant metastases.

All specimens were confirmed by routine clinical diagnosis according to the UICC TNM classification of 2003 for head and neck carcinomas \[[@CIT0029]\]. Morphologic estimation was performed on hematoxylin-eosin-stained (H&E) sections in the peripheral parts of a tumor, according to the TFG classification \[[@CIT0030]\]. We analyzed the following features in the most invasive, peripheral zones of the tumor: cytoplasmic differentiation, nuclear polymorphism, number of mitoses, mode of infiltration, depth of invasion and plasmalymphocytic infiltration of tumor front. These factors were assessed in at least five different regions of the peripheral part of the tumor (magnification 200×, number of mitoses magn. 400×). Each factor was graded according to a scale ranging from 1 to 4. The total morphologic TFG score was computed as the sum of the 6 parameters, with a maximum score of 24 points. According to the TFG total score tumors were divided into 5 groups (ranks): 6--9, 10--13, 14--17, 18--21 and \> 22 points of TFG. Clinicomorphological characteristics of the studied group are presented in [Table 1](#T0001){ref-type="table"}. The investigations were performed with the approval of the Bioethical Commission of the Medical University of Lodz and the National Science Council, Poland (No. RNN/13/11/KE).

###### 

Clinicomorphological characteristics of group studied

  Feature                                                                               *N* (%)
  ------------------------------------------- ----------------------------------------- -----------
  **Sex**                                     men                                       84 (97.2)
  women                                       2 (2.8)                                   
  **Surgical treatment**                      partial laryngectomy                      23 (26.7)
  total laryngectomy                          63 (73.3)                                 
  neck dissection                             46 (53.5)                                 
  selective neck dissection                   41 (47.7)                                 
  radical neck dissection                     5 (5.8)                                   
  **pT**                                      pT1--pT2                                  29 (33.7)
  pT3--pT4                                    57 (69.3)                                 
  **pN**                                      pN0                                       64 (74.4)
  pN1--3                                      22 (25.6)                                 
  **G histological differentiation**          G1                                        10 (11.6)
  G2                                          67 (77.9)                                 
  G3                                          9 (10.5)                                  
  **Depth of invasion**                       CIS and invasion into lamina propria      21 (24.3)
  muscle tissue and cartilage invasion        65 (75.7)                                 
  **Mode of invasion**                        well-defined and less marked borderline   33 (38.5)
  no distinct borderline and diffuse growth   53 (61.5)                                 
  **TFG (tumor front grading)**               6--13 points                              28 (32.5)
  14--21 points                               58 (67.5)                                 
  ≥ 22 points                                 0                                         

Non-cancerous/cancerous epithelial cell isolation {#S20003}
-------------------------------------------------

After radical/partial laryngectomy, the surgical tissue specimens were excised aseptically immediately after the operation from at least four tumor sites: two from the tumor margin and two sites of non-cancerous adjacent laryngeal epithelium (only after total laryngectomy due to ethical considerations). Fragments of tissues were washed with PBS for removal of contaminated blood and next inserted in RPMI 1640 medium (Biomed, Poland) supplemented with antibiotics streptomycin/penicillin/gentamycin 1% v/v (Sigma, Aldrich, Germany). The whole procedure was performed on an ice plateau. Briefly, tissue specimens were cut with a surgical knife, and minced with a scalpel. This was done in RPMI 1640 medium (Biomed, Poland) supplemented with antibiotics streptomycin/penicillin/gentamycin 2% v/v (Sigma, Aldrich, Germany). Fragments of tissues were then washed three times with Hanks solution (Biomed Lublin, Poland). Next the tumor and normal epithelial pieces were digested overnight (for 18 h) in Nunc Petri dishes with 0.16 mg/ml hyaluronidase (Sigma, Aldrich, Germany) and 0.55 mg/ml collagenase (Sigma, Aldrich, Germany) in the presence of the antibiotics streptomycin/penicillin/gentamycin 1% v/v (Sigma, Aldrich, Germany) at 37°C, 5% CO~2~ (Cellstar Incubator). The digested tissues were pressed gently through a 50-µm (mesh) sieve (Sigma, Aldrich, Germany) with RPMI 1640 medium (Biomed, Poland). Subsequently, the suspension was three times washed with PBS (without Mg^2+^ and Ca^2+^) for 20 min at 8°C by centrifugation in a MPW-350R centrifuge at 1800 rpm/500 rcf and poured over with dispase solution 2.4 U/ml, incubated for 30 min in a 37°C and next resuspended in 1 ml of PBS. The concentration of cells was estimated using a microscope and Bürker\'s chamber. To get rid of the apoptotic and necrotic cells the columns of Magnetic Cell Sorting Separator MACS (Miltenyi Biotec, Germany) and Dead Cell Removal Kit was used. The recovered cells were checked (typical epithelial morphology, immunohistochemical positive reactions with polyclonal antibodies \[NCL-C11, Multi-Cytokeratin 4/5/6/8/10/13/18, RTU-D Novostatin Universal Detection Kit, NCL-L-DAB Liquid DAB Substrate Kit; Novocastra UK\]) and counted for viability with the trypan blue staining method. The isolated laryngeal epithelial cells (tumor front cells and non-cancerous epithelial cells) were collected immediately after the procedure and RNAlater RNA Stabilization Reagent (QIAGEN GmbH, Hilden, Germany) was added to the cell pellets. Cell pellets were stored at --80°C until isolation of RNA.

Total RNA extraction and cDNA synthesis {#S20004}
---------------------------------------

The total RNA was extracted using TRI Reagent (Sigma Aldrich, USA) according to the manufacturer\'s protocol. RNA was diluted in 20 µl of RNase-free water, quantified by spectrophotometry at 260 nm and stored at --20°C. RNA with a 260/280 nm ratio in the range 1.8--2.0 was considered high quality. First-strand cDNA was synthesized from each RNA pool using PCR Kit ver. 3.0 (Takara Bio Inc., Japan) according to the manufacturer\'s instructions. Briefly, 1 µg of RNA was combined with 2.5 pmol of oligo dT-adapter primer, 4 µl of 25 mM MgCl~2~, 2 µl of 10 × RNA PCR buffer, 2 µl of 10 mM dNTP mixture, 20 units of RNase inhibitor, 5 units of AMV Reverse Transcriptase XL, and RNase-free water to a total volume of 20 µl. The reaction took place at 42°C for 30 min, followed by 95°C for 5 min and 5°C for 5 min in a GeneAmp PCR System 9700 (Perkin-Elmer Co, USA). cDNA was stored at --20°C.

Real-time quantitative PCR (qRT-PCR) {#S20005}
------------------------------------

The real-time PCR was performed in a Mastercycler ep Realplex 4S (Eppendorf, Germany). Quantitative evaluation of CDH1 and HPRT1 (hypoxanthine phosphoribosyltransferase 1), as the control reference gene, was performed with commercially available TaqMan probes Hs01013959_m1 and Hs02800695_m1, respectively (Applied Biosystems, USA). PCR reactions were carried out in a total volume of 10 µl, containing 0.5 µl of respective TaqMan probes, 3.5 µl nuclease free water, 5 µl of universal master mix (Applied Biosystems, USA) and 1 µl of cDNA. The reactions were performed in duplicate. Abundance of studied genes' mRNA in samples was quantified by the ΔCt method. ΔCt (Ctgene--Ct HPRT1) values were recalculated into relative copy number values (number of copies of studied gene mRNA per 1000 copies of HPRT1 mRNA).

Immunoblotting analysis {#S20006}
-----------------------

Cytoplasmic and nuclear fractions were prepared separately from each sample by differential centrifugation of tissue homogenate in 0.25 M sucrose in buffer containing 5 mM MgCl~2,~ 0.5% Triton X-100, 1 mM phenylmethylsulfonyl fluoride (PMSF), and 50 mM Tris-HCl at pH 7.4, in the presence of 10 mM sodium molybdate. After centrifugation at 800 × g for 7 min the crude nuclear pellet was purified by centrifugation through 2.2 M sucrose in the above buffer at 40000 × g for 60 min. Supernatant from the first spin, corresponding to the cytoplasmic fraction, was centrifuged at 1500 × g for 10 min to remove any remaining nuclei. Protein concentration in cellular fractions was estimated by means of the modified Lowry procedure \[[@CIT0031]\] using bovine serum albumin as standard. Cytoplasmic and nuclear fraction proteins (50 µg) were resolved on 8% SDS-polyacrylamide slab gel \[[@CIT0032]\] and electrotransferred onto Immobilon P membrane (Millipore Corp. Bedford, USA) using semi-dry technique \[[@CIT0033]\]. After blocking in 0.5% BSA the membrane was incubated with anti-E-cadherin (sc-7870, H-108) antibody (Santa Cruz Biotechnology, USA). Following extensive washing with TBST buffer (Tris-buffered saline with Tween 20) the membrane was incubated with biotinylated mouse anti-rabbit IgG-HRP (sc-2357) antibody (Sigma Chemical Co., USA). Specificity of antigen-antibody interaction was tested by streptavidin/biotinylated horseradish peroxidase complex (Strept ABComplex/HRP) (Dako A/S, Denmark) and visualized with 4-chloro-1-naphthol and hydrogen peroxide as a substrate for HRP.

Qualitative and quantitative estimations of immunoblots {#S20007}
-------------------------------------------------------

For qualitative and quantitative analysis of immunoblots, a video densitometer (Biotec-Fischer, Germany) and software Gel-Pro^®^ Analyzer 3.0 (Media Cybernetics, USA) were used. The integrated optical density (IOD) of the bands, in a digitalized picture, was measured. For the immunoblot analysis the densitometric data of each sample were analyzed based on IOD, performed using a three-point scale corresponding to the densitometric ranges: no staining (IOD = 0), moderate staining (IOD \> 0--0.4), strong staining (IOD \> 0.4).

Genomic DNA isolation and methyl-specific PCR (MSP) {#S20008}
---------------------------------------------------

Genomic DNA was purified according to the Sambrook protocol \[[@CIT0034]\]. Bisulfite treatment of genomic DNA was performed with the EZ DNA Methylation kit (ZYMO Research, Orange, CA, USA) according to the manufacturer\'s protocol. Modified DNA (50 ng) was used for each PCR with the following primers: methylated-specific primer set -- sense 5'-GGTGAATTTTTAGTTAATTAGCCGGTAC-3' and antisense 5'-CATAACTAACCG AAAACGCCG-3', yielding a product of 204 bp; unmethylated-specific primer set -- sense 5'-GGTAGGTGAATTTTTAGTTAATTAGTGGTA-3' and antisense 5'-ACCCATAACTAA CCAAA AACACCA-3', yielding a product of 211 bp. The PCR mixture (50 µl in total) contained 1 × buffer with 1.5 mmol/l MgCl~2~, 0.2 mmol dNTPs, 0.2 µmol of each primer, and 4 µl of DNA sample. PCR conditions were 10 min at 94°C, after which 3 U of Taq DNA polymerase was added, and 35 cycles at 94°C for 50 s, at 57°C for 40 s, at 72°C for 90 s, and a final extension at 72°C for 5 min. The positive control was performed on DNA from normal laryngeal tissue by using unmethylated-specific primers, and the negative control was prepared on PCR mixture without primers. The PCR products were migrated by electrophoresis on 2% agarose gel, with 100 bp DNA ladder as a DNA marker. As a positive and negative control we used Human Methylated & Non-methylated DNA Set (Zymo Research).

Statistical analysis of data {#S20009}
----------------------------

Statistical analysis was performed using STATISTICA version 9.0 (StatSoft, Poland). ΔCt values (which have a symmetrical theoretic distribution) obtained from quantitative real-time PCR were recalculated into relative copy number values. Obtained results were not normally distributed (Kolmogorov-Smirnov test) and therefore nonparametric statistical tests were used for analyzing the results (Mann-Whitney U test and Kruskal-Wallis test). Categorical variables were compared by the chi-squared test. A value of *p* \< 0.05 was considered statistically significant.

Results {#S0010}
=======

In the first stage, the expression pattern of the gene (CDH1g) as well as the protein nuclear (CDH1pn) and cytoplasmic fraction (CDH1pc) of E-cadherin in the tumor cells of laryngeal squamous cell carcinomas (SCLC) was studied. Our study confirmed the (CDH1g) mRNA positive expression in 88.4% (76/86) of all tumor samples and in 98.4% (62/63) of non-cancerous laryngeal epithelium cells. In these groups studied the mean values of E-cadherin mRNA were 1026.62 ±230.57 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA and 1080.99 ±561.88 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA, respectively. Significant differences in CDH1g expression between tumor marginal cells and non-cancerous epithelial cells (*p* = 0.04) were observed. Positive protein nuclear fraction (CDH1pn) of E-cadherin expression in 69.8% (60/86) of cancerous cells and in 76.2% (48/63) of adjacent mucosa laryngeal cells were assessed. The mean values of CDH1pn level in cancerous and non-cancerous samples were 134.11 ±121.62 IOD and 209.03 ±117.79 IOD, respectively. Significant differences between CDH1pn expression in tumor and adjacent laryngeal mucosa cells (*p* = 0.03) were found. A positive protein cytoplasmic fraction (CDH1pc) of E-cadherin in 11.6% (10/86) of cancerous cells was observed. In no case of adjacent mucosa laryngeal cells was CDH1pc expression assessed. The mean value of CDH1pc level in cancerous samples was 49.96 ±124.07 IOD. Moreover, the DNA methylation status of the CDH1 gene level, as an indicator of gene inactivation in this study, was estimated. E-cadherin methylation was observed in 49 of 86 tumor samples (56.9%). In remaining tumor cells the negative status of CDH1 promoter methylation was noted. Subsequently, correlations were identified between the gene (CDH1g) and protein (CDH1p) of E-cadherin expression, the DNA methylation status of the gene levels and clinicopathological features, specifying the degree of carcinoma aggressiveness, to evaluate its possible role as a potential biomarker for tumor behavior in SCLC.

The relationships between E-cadherin mRNA expression (CDH1g) and clinicopathological parameters in SCLC {#S20011}
-------------------------------------------------------------------------------------------------------

To investigate whether the CDH1 mRNA expression status can potentially determine clinicopathological features, the qRT-PCR results were juxtaposed with the pathological assessment of the primary tumor (pT status), the pathological assessment of the regional lymph nodes (pN status), the histological grade (G), the TFG total score and selected parameters of TFG classification. Representative examples of MSP-PCR analysis of tumor laryngeal cell samples are shown in [Fig. 1](#F0001){ref-type="fig"}. The most numerous group of laryngeal carcinomas was advanced tumors (pT3--pT4). In this group the mean values of E-cadherin mRNA were lower (933.11 ±357.42 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA) in comparison with less advanced carcinomas (pT1-pT2) characterized by higher mean values of CDH1 mRNA (1150.09 ±458.79 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA). The statistical analysis confirmed the presence of significant differences in the level of mRNA expression of CDH1 in tumor cells between pT1--pT2 and pT3--pT4 tumors (*p* \< 0.001). Well-defined and less marked borderlines of tumor infiltration were characteristic for carcinomas with lower mean values of E-cadherin mRNA in positive tumor cells (985.22 ±295.09 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA). In contrast, diffuse growth and indistinct tumor front borderlines were most often seen in neoplasms characterized by higher mean values of CDH1 mRNA (1071.64 ±535.84 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA) in tumor cells. Statistical evaluation of the quantitative analysis results and the clinicomorphological parameters of laryngeal carcinomas showed that the expression of mRNA for the CDH1 in cells isolated from the peripheral part of the tumor was significantly different depending on the type of invasion (*p* = 0.033). The presence of a lower content of CDH1 mRNA in carcinoma cells was more frequent for tumors with more aggressive behavior determined by muscle tissue and cartilage invasion (964.32 ±444.39 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA) in comparison with less invasive carcinomas not exceeding the border of the lamina propria (1158.45 ±291.98 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA). The statistical analysis disclosed the presence of significant differences in the level of mRNA expression of E-cadherin in tumor cells between these groups (*p* \< 0.001). Moreover, carcinomas with lower expression of CDH1 mRNA in tumor stroma cells were characterized by a higher total score of tumor front grading classification. In laryngeal carcinomas characterized by 14--21 points the mean values of E-cadherin mRNA were lower (1008.29 ±338.68 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA) in comparison with less advanced carcinomas with 6--13 points on the tumor front grading scale (1043.65 ±518.35 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA). Statistical analysis of CDH1 mRNA expression with respect to the degree of invasiveness of cancer lesions revealed that the average value of ribonucleic acid in cancer cells was significantly different according to TFG total score (*p* = 0.046). For other clinicopathological features, the CDH1g rate was uniform and independent of the intensity of these parameters. To sum up, the qRT-PCR results obtained for SCLC with more aggressive characteristics determined by a higher pT status, more disseminated tumor invasion and deep infiltration with muscle and cartilage involvement demonstrated a higher CDH1g expression in tumor samples. The expression of E-cadherin mRNA depending on the clinicopathological characteristics in SCLC depending on pT feature, the depth of invasion, the mode of invasion and the tumor front grading total score is shown in [Fig. 2](#F0002){ref-type="fig"}.

![Representative examples of MSP-PCR analysis of tumor laryngeal cell samples. Bisulfite-modified DNA was amplified with specific primers to detect methylated DNA (M) and unmethylated DNA (U); control for methylated genes (CM); control of unmethylated genes (CU); H~2~O: distilled water used as negative control in the PCR amplification](WO-17-20860-g001){#F0001}

![Expression of E-cadherin mRNA depending on the clinicopathological characteristics in SCLC; A) CDH1g mRNA expression in tumor laryngeal cells depending on pT feature (*p* \< 0.001); B) the depth of invasion (*p* = 0.0003); C) the mode of invasion (*p* = 0.033); D) the tumor front grading total score (*p* = 0.046)](WO-17-20860-g002){#F0002}

The relationships between E-cadherin protein (CDH1p) expression and clinicopathological parameters in SCLC {#S20012}
----------------------------------------------------------------------------------------------------------

To investigate whether the protein nuclear (CDH1pn) and cytoplasmic fraction (CDH1pc) of E-cadherin in the tumor cells of laryngeal squamous cell carcinomas can potentially determine clinicopathological features, the Western blot results were juxtaposed with the pathological assessment of the primary tumor (pT status), the pathological assessment of the regional lymph nodes (pN status), the histological grade (G), the TFG total score and chosen parameters of the TFG classification. Representative results of E-cadherin protein expression analyses in homogenates of tumor laryngeal cells are shown in [Fig. 3](#F0003){ref-type="fig"}. The most advanced tumors (pT3--pT4) were characterized by lower mean values of E-cadherin nuclear protein level in tumor cells (101.15 ±110.90 IOD) in comparison with less advanced carcinomas (pT1--pT2) characterized by higher mean values of CDH1pn (181.77 ±131.85 IOD). The presence of significant differences in the level of CDH1pn expression in tumor cells between pT1--pT2 and pT3--pT4 tumors (*p* = 0.004) was confirmed. The group of laryngeal carcinomas with well-defined and less marked borderlines of tumor invasion constituted cases with a higher average value of protein nuclear fraction (186.11 ±130.79 IOD). Tumors characterized by diffuse growth and indistinct tumor front borderlines were characterized by higher mean values of CDH1pn expression (96.01 ±107.91 IOD). The statistical analysis disclosed the presence of significant differences in the level of E-cadherin nuclear protein expression in tumor cells between these groups of tumors (*p* = 0.002). Moreover, the presence of the lower content of E-cadherin protein nuclear fraction in carcinoma cells was more frequent for tumors with more aggressiveness determined by muscle tissue and cartilage invasion (105.71 ±118.61 IOD) in comparison with less invasive tumors with borders to the lamina propria (201.63 ±117.72 IOD). The statistical analysis disclosed the presence of significant differences in the level of CDH1pn expression in tumor cells between these groups (*p* = 0.003). In addition, laryngeal carcinomas with 6--13 points as well as tumors with 14--21 points of the total TFG score were described as SCLC with different levels of CDH1pn expression in tumor cells (*p* = 0.0002). In laryngeal carcinomas characterized by 14--21 points the mean values of CDH1pn were lower (95.55 ±109.07 IOD) in contrast to less advanced carcinomas with 6--13 points (196.87 ±126.98 IOD). We found that the CDH1pn status had no significant correlations with other clinicomorphological parameters. Summing up, the Western blot results obtained for SCLC with more aggressive behavior characterized by a higher pT status, more disseminated tumor invasion and deep infiltration with muscle and cartilage involvement demonstrated lower CDH1p expression in tumor cells. The expression of E-cadherin protein level depending on the clinicopathological characteristics in SCLC depending on pT feature, the depth of invasion, the mode of invasion and the tumor front grading total score is shown in [Fig. 4](#F0004){ref-type="fig"}. Due to the positive protein cytoplasmic fraction (CDH1pc) of E-cadherin only in a small percentage of tumor cells (11.6%) statistical analysis was not performed in the group studied. It should be noted, however, that all cases of SCLC with a positive level of CDH1 cytoplasmic fraction were characterized by less aggressive cancer lesions, determined by a lower pT status (pT1--pT2) and a lower total score (6--13 points) according to the tumor front grading classification.

![Representative results of E-cadherin protein expression analyses in homogenates of tumor laryngeal cells. Lanes 1--5 → pT1--pT2 tumors and lanes 6--10 → pT3--pT4 tumors. The electrophoretic mobilities of myosin (205 kDa), β-galactosidase (116 kDa) and fructose- 6-phosphate kinase (90 kDa) subunits, used as marker proteins running in a parallel lane, are indicated on the right](WO-17-20860-g003){#F0003}

![Expression of E-cadherin protein level depending on the clinicopathological characteristics in SCLC; A) CDH1p expression in tumor laryngeal cells depending on pT feature (*p* = 0.004); B) the depth of invasion (*p* = 0.003); C) the mode of invasion (*p* = 0.002); D) the tumor front grading total score (*p* = 0.0002)](WO-17-20860-g004){#F0004}

The relationships of E-cadherin promoter methylation with (CDH1g) mRNA and E-cadherin protein (CDH1p) expression. The relationships between clinicopathological parameters in SCLC and E-cadherin promoter methylation {#S20013}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E-cadherin methylation was observed in 49 of 86 tumor samples (56.9%). CDH1 mRNA expression was associated with promoter methylation status in the group studied. In laryngeal carcinomas with confirmed CDH1 methylation, mean values of E-cadherin mRNA were lower (628.56 ±523.95 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA) in comparison with tumors without methylated E-cadherin promoter (1178.56 ±406.90 copies of CDH1 mRNA per 1000 copies of HPRT1 mRNA). Downregulation of CDH1 mRNA expression was found to be statistically related to promoter methylation (*p* \< 0.001). Nevertheless, our study did not disclose significant differences of E-cadherin protein (CDH1p) expression with promoter methylation status (*p* = 0.23). However, the occurrence of a tendency to a lower average value of protein nuclear fraction (162.21 ±133.85 IOD) in carcinomas with CDH1 methylation in contrast to tumors without promoter methylation (204.53 ±127.28 IOD) was observed. To investigate whether the E-cadherin promoter methylation status can potentially determine clinicopathological features, the methyl-specific PCR (MSP) results were juxtaposed with the pathological assessment of the primary tumor (pT status), the pathological assessment of the regional lymph nodes (pN status), the histological grade (G), the TFG total score and selected parameters of TFG classification. E-cadherin promoter methylation in the group of advanced tumors (pT3--pT4) was noted in 52.6% (30/57) of cases in comparison with 24.1% (7/29) in less advanced carcinomas (pT1--pT2). The statistical analysis confirmed the presence of significant differences in the level of promoter methylation in tumor cells between pT1--pT2 and pT3--pT4 tumors (*p* \< 0.0001). Similarly, the presence of a higher content of methylated CDH1 promoter in carcinoma cells was more frequent for tumors with more aggressive behavior determined by muscle tissue and cartilage invasion (54.5%, 31/57) in comparison with less invasive carcinomas not exceeding the border of the lamina propria (13.8%, 4/29). The statistical analysis disclosed the presence of significant differences in promoter methylation status in these groups (*p* \< 0.01). We found that the CDH1 methylation status had no significant correlations with other clinicomorphological parameters. In summary, the MSP results obtained for SCLC with more aggressive behavior characterized by a higher pT status and deep infiltration with muscle and cartilage involvement demonstrated a higher frequently of methylated CDH1 promoter in tumor cells.

Discussion {#S0014}
==========

E-cadherin (CDH1) is a cell adhesion molecule that is downregulated in cancer tissues and is proposed as a useful phenotypic marker of tumor cell motility and an indicator of a higher degree of aggressiveness in tumors of different origin \[[@CIT0001]--[@CIT0006], [@CIT0008], [@CIT0011]--[@CIT0014], [@CIT0016], [@CIT0023], [@CIT0025], [@CIT0026]\]. The study results suggest that E-cadherin loss plays a role in progression and development of local and distant metastases, and its function assessment helps in the identification of patients with poor outcomes \[[@CIT0002], [@CIT0014], [@CIT0025]\]. The high correlation between CDH1 inactivation status and the invasive and metastatic phenotype of tumor cells suggests crucial biological roles during tumorigenesis \[[@CIT0001]--[@CIT0006], [@CIT0008], [@CIT0011]--[@CIT0014], [@CIT0016], [@CIT0023], [@CIT0025], [@CIT0026]\]. Epigenetic silencing is considered one of the leading mechanisms of E-cadherin impairment that converts this tumor suppressor into an oncogenic factor causing the acquisition of the aggressive behavior of tumor cells \[[@CIT0001], [@CIT0003]--[@CIT0005], [@CIT0025]--[@CIT0028]\]. Nevertheless, the clinicopathological and prognostic value of E-cadherin in laryngeal carcinoma still remains unclear. Moreover, it should be emphasized that there seems to be a paucity of published data regarding the role of CDH1 status in the corresponding aggressiveness of the tumor in laryngeal carcinoma, estimated according to clinicopathological features. Therefore, study into the gene and protein CDH1 expression of cancer tissues and the DNA methylation status of the gene levels was undertaken to determine their role as potential biomarkers of tumor behavior in laryngeal carcinoma. The results confirm high positive expression of the mRNA and protein nuclear fraction of E-cadherin in laryngeal tissues, either in adjacent mucosa cells or, to a lesser extent, in neoplastic cells. These data are in agreement with the findings of studies reporting a wide dispersion of CDH1 activity rates in different carcinomas. In some studies, positive expression of E-cadherin was found in 33--86.5% of various types of human HNSCC, including 39.3--72% of cases of CDH1 methylation \[[@CIT0002], [@CIT0005], [@CIT0006], [@CIT0011], [@CIT0012], [@CIT0021], [@CIT0025], [@CIT0026], [@CIT0028]\]. A wide range of results for E-cadherin expression in neoplastic tissues may stem from the different (either mRNA or protein) fractions and methods used in these studies and the predominance of cases with different pathological extents of the primary tumors. Moreover, the degree of invasiveness and grade of primary tumors can be crucial in the obtained results. Specifically, grade 1 carcinomas of different origin in comparison with more advanced tumors, characterized by grade 2 and grade 3, showed preserved E-cadherin expression in the range of 40--100% \[[@CIT0011]\]. We provide the first evidence that the gene and protein E-cadherin expression and the DNA methylation status of the gene levels play an essential role in determining the clinicomorphological features of laryngeal cancer cells. Significant relationships have been demonstrated between the gene and protein CDH1 expression and clinicomorphological features according to tumor front grading, which is a useful method for determination of neoplastic growth dynamics in the peripheral infiltration edge. In addition, the differences between E-cadherin mRNA expression as well as CDH1 protein nuclear fraction and the aggressive potential of the laryngeal carcinomas, estimated according to clinicomorphological features, such as the pathological assessment of the primary tumor (pT), mode of invasion and the type of infiltration and tumor front grading score, have also been disclosed. Specifically, laryngeal tumors characterized by a higher pT status (classified as pT3--pT4), more disseminated growth (diffuse invasion or no distinct borderlines in the tumor front) as well as more aggressive behavior of neoplastic infiltration (muscle tissue and cartilage invasion), an indicator of local weaker cell-cell adhesions, demonstrated lower CDH1 expression in tumor samples. The importance of E-cadherin mRNA and CDH1 protein staining was also indicated to be a reliable potential biomarker of tumor progression estimated on the basis of the tumor front grading score. Laryngeal carcinomas with lower aggressive behavior determined by a smaller number of TFG total points (6--13 points) were found to demonstrate a higher E-cadherin gene and protein content in tumor samples. Other studies that have investigated CDH1 content in both primary tumors and corresponding metastatic lesions also suggest that E-cadherin activity plays an important role in tumor pathogenesis and the determination of growth and progression \[[@CIT0002], [@CIT0012], [@CIT0014], [@CIT0025]\]. For instance, Tang *et al*. \[[@CIT0002]\] revealed the relationship of E-cadherin expression with node status and overall survival as well as recurrence status in breast cancer. The authors reported that CDH1-negative patients experienced shorter disease-free interval, poorer overall survival and higher frequency of recurrence or metastasis than E-cadherin-positive patients. Batistatou *et al*. \[[@CIT0012]\] disclosed the association between E-cadherin expression and the development and progression of colorectal carcinoma. An E-cadherin-negative expression profile was associated with lymph node metastases and 81% of metastatic tumors were positive for CDH1 in colorectal tumors studied \[[@CIT0012]\]. Moreover, reduced or lost E-cadherin expression was also significantly associated with widely invasive growth, insular morphology and a lower degree of differentiation in investigations on thyroid carcinomas by Brecelj *et al*. \[[@CIT0013]\]. However, no statistical significance in CDH1 expression with regard to other clinicopathological parameters, i.e. patient sex and age or tumor size, were disclosed in these studies. Interestingly, Rakha *et al*. \[[@CIT0014]\] did not confirm differences in the CDH1 content distribution in relation to parameters such as lymph node status; however, the E-cadherin expression and a reduced disease-free interval and overall survival and also indicators of poor prognosis including larger tumor size, higher histological grade, and development of distant metastasis in univariate analysis were found to be significant in invasive breast cancers. Chang *et al*. \[[@CIT0025]\] also confirmed that underexpression had adverse effects on the prognosis of patients who were treated by primary surgery due to oral tongue carcinoma. The authors found positive higher CDH1 immunohistochemical staining of tumor tissues, recurrent tumors and nodal metastases. Goyal *et al*. \[[@CIT0008]\] noted no significant difference in the expression of E-cadherin between the various TNM stages in breast carcinomas. Moreover, the molecular marker did not significantly influence survival. In our opinion, discrepancies in the results reported on the relationships between E-cadherin expression and tumor-related clinicomorphological parameters may stem from different pathomorphological methods and the heterogeneous group of patients with different tumor localization as well as the number of patients included in the studies. It was also noted that the methylated CDH1 promoter status in tumor cells is a good indicator of tumor aggressiveness of neoplastic laryngeal tissues. Significant differences between laryngeal carcinomas with and without methylation of CpG sites at the promoter region of E-cadherin as well as the aggressive tumor potential, according to clinicomorphological features, such as the pathological assessment of the primary tumor (pT), mode of invasion and the type of infiltration and tumor front grading score were disclosed. Specifically, more invasive laryngeal tumors characterized by a higher pT status (classified as pT3--pT4) and more aggressive behavior of neoplastic infiltration (muscle tissue and cartilage invasion) demonstrated a higher frequency of DNA methylation status of the CDH1 gene in the tumor sample. These results are in line with other reports which indicate that methylated E-cadherin promoter status is a potent parameter implicated in cancer development and prognosis \[[@CIT0001]--[@CIT0006], [@CIT0008], [@CIT0011]--[@CIT0014], [@CIT0016], [@CIT0023], [@CIT0025], [@CIT0026]\]. In the literature the researchers often introduce the clinicomorphological implications of E-cadherin promoter methylation \[[@CIT0001], [@CIT0005], [@CIT0008], [@CIT0025], [@CIT0026], [@CIT0028]\]. For example, Chang *et al*. \[[@CIT0008]\] observed that promoter methylation observed in primary oral tongue tumors reflects a more aggressive phenotype according to clinicomorphological features, such as lymph node metastases and recurrences. Caldeira *et al*. \[[@CIT0005]\] also suggested that abnormal CDH1 methylation occurs with high frequency in infiltrating breast cancers associated with a decrease in E-cadherin expression. It was noted in a subgroup of cases characterized by loss of expression of CDH1 and other important genes for the mammary carcinogenesis process, probably due to the disruption of the mechanism of maintenance of DNA methylation in tumor cells. Interestingly, other researchers also found that E-cadherin promoter methylation observed in primary tumors tends to be more frequent in lymph-node positive cases and recurrent tumors but without connections with other clinicopathological features. All these findings suggest that E-cadherin promoter methylated tumor cells show a higher migration capacity and this determines the acquisition of the invasive and metastatic phenotype of cancers of various origin.
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